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Abstract
Objective—We examined the association among current self-reported sleep problems, lifetime
binge eating, and current obesity in women from the Swedish Twin study of Adults: Genes and
Environment study
Method—Logistic regression analyses were used to evaluate these associations in 3,790 women
aged 20-47 years.
Results—Binge eating was reported by 244 (6.4%) women and was positively associated with
not getting enough sleep (p < .015), sleeping poorly (p < .001), problems falling asleep (p < .001),
feeling sleepy during work or free time (p < .001), and disturbed sleep (p < .001). These same
sleep variables, as well as napping and being a night person, were also significantly associated
with obesity. The associations between binge eating and sleep remained after accounting for
obesity.
Discussion—This investigation offers empirical support for an independent association between
sleep problems and binge eating, which is likely due to complex psychological, biological,
neuroendocrine, and metabolic factors.
Sleep problems and inadequate sleep are associated with a variety of physical and
psychological problems1 including neuroendocrine abnormalities2,3 and depressive
symptomatology.4,5 Both cross-sectional6,7 and prospective studies8-10 suggest that short
sleep may also be associated with higher body mass index (BMI) and obesity. Over the past
half-century there has been a steady and rapid decline in time spent sleeping, which has
paralleled the rapid rise in the prevalence of overweight and obesity.11 Between 1988 and
1994, the age-adjusted prevalence of obesity was 22.9%, which rose to 30.5% between 1999
and 2000.12 During this same time, Americans reported an average of 1.5 to 2.0 hour
decrease in amount of sleep per night.13,14 Complex factors are believed to underlie a
possible association between sleep curtailment and increased weight including changes in
endocrine function and metabolic pathways, which may result in decreased satiety and
energy expenditure, and increased hunger and food cravings.11,15-18
Sleep problems may also be associated with binge eating (BE),19,20 a disordered eating
behavior that is also associated with obesity.21 The behavior of BE22 is characterized by the
consumption of an unusually large amount of food in a discrete period of time, combined
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with a feeling of loss of control over eating. BE is a key symptom of several Diagnostic and
Statistical Manual of Mental Disorders 4th ed., text rev. (DSM-IV-R)23 eating disorder
diagnoses, including bulimia nervosa, anorexia nervosa binge-purge subtype, and the
provisional diagnosis of binge eating disorder (BED). In the United States, the lifetime
prevalence of BE at a frequency of twice per week for a duration of three months is
estimated to be 4.5% for adults.24
Similar to sleep problems, BE is associated with physical and psychological comorbidity
including neuroendocrine abnormalities,25,26 depressive symptomatology,27,28 and
obesity.29-33 Approximately 25%29 to 52%30 of adult individuals seeking treatment for
obesity report BE.31-33 Despite the common physical and psychological symptoms shared
by sleep problems and BE, this association has not been thoroughly investigated
The aims of this study were: 1) to investigate the association between current self-reported
sleep problems (during the six months prior to interview) and lifetime BE in a population-
based sample of female twins; 2) to confirm the well-supported association between sleep
problems and obesity in this sample; and 3) to determine whether any associations between
sleep and BE in aims 1 and 2 are accounted for by obesity status. We hypothesized that
sleep problems would be positively associated with both BE and obesity independent of age,
current cohabiting status and lifetime depression diagnosis. In addition, we hypothesized
that obesity status would only partially account for the association between sleep problems
and BE and that an independent association between sleep problems and BE would exist.
METHOD
Participants
Participants were from the Swedish Twin study of Twin Adults: Genes and Environment
(STAGE; http://ki.se/ki/jsp/polopoly.jsp?d=9610&l=en), a large population-based study that
is a subsample of the Swedish Twin Registry (STR; http://ki.se/twinreg).34,35 Data for the
STAGE study were collected in 2005 and over 43,000 male and female twins born between
1959 and 1985 were eligible to participate.
Using web-based questionnaires (or computer assisted telephone interviews for those who
preferred this manner of response), participants provided information on a variety of health
and sociodemographic measures as well as habits and behaviors. The response rate was
59.6% (43.1% web-based questionnaire only; 16.5% telephone interview only). One
hundred twins were recontacted to assess test-retest reliability and to compare data
collection methods (computer-based vs. telephone interview). For the eating disorders
section there was adequate agreement between the web-based questionnaire and telephone
interviews (kappa = .76).34,35
STAGE is in accord with the Declaration of Helsinki and was approved by the Regional
Ethics Committee at the Karolinska Institutet and the Biomedical Institutional Review Board
at the University of North Carolina at Chapel Hill. All participants provided informed
consent prior to participation. A detailed description of the study design can be found
elsewhere.34,35
Eating Assessment
Lifetime history of BE was assessed using an expanded Structured Clinical Interview for
DSM-IV based instrument.36 A dichotomous variable for lifetime BE was created from the
following questions: “Have you ever had eating binges when you ate what most people
would regard as an unusually large amount of food in a short period of time?” with response
options yes, no, and don’t know/refuse and “When you were having eating binges, did you
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feel your eating was out of control?” with response options not at all, slightly, somewhat,
very much, extremely, and don’t know/refuse. Individuals were placed in the BE group if
they answered yes to the first question and slightly, somewhat, very much, or extremely to
the second question. If respondents answered no to the first question or not at all to the
second question, they were categorized as NoBE.
In the eating assessment, self-report current height and weight were collected from which
current BMI was calculated. Individuals reporting a current BMI greater than or equal to 30
kg/m2 were considered obese and participants reporting BMIs less than 30 kg/m2 were
considered non-obese.
Sleep Assessment
A subsample of participants was asked about current sleep habits and problems. Items
included: (a) Do you usually take a nap at least every second day? (yes, no); (b) Do you
think you get enough sleep? (yes, definitely enough; yes, mostly enough; no, a bit too little;
no, clearly not enough; no, far from enough); (c) How do you think you sleep on the whole?
(very well, pretty well, neither poorly nor well, pretty poorly, very poorly); (d) Try to
determine to what degree you are a morning person or a night person (definitely a morning
person, to some degree a morning person, to some degree a night person, definitely a night
person). In addition, participants were asked if they had the following complaints during the
last three months: Problems falling asleep? and Sleepy during work or free time? They were
also asked if they had any of the following complaints during the last six months: Waking
up too early and not being able to sleep again? Feeling of not having enough sleep on
awakening? and Disturbed or uneasy sleep? Response options for items assessing sleep
complaints during the last three and last six months were never, seldom, sometimes, usually,
and always.
Covariate Selection
Age at interview, current cohabiting status, and lifetime diagnosis of major depression were
evaluated for inclusion as covariates in the models. For cohabitation, participants who
indicated that they were currently married or cohabiting were characterized as cohabiting.
Those who indicated that they were divorced, separated, widowed, living alone, or living
apart were characterized as not cohabiting. The presence of depression was based on the
criteria for major depressive disorder according to the American Psychiatric Association
DSM-IV-TR.23 Individuals were scored positive for lifetime depression if they endorsed at
least five symptoms of depression associated with a change of functioning (criterion A) and
that the symptoms caused significant distress or impairment (criterion C).
Statistical Analyses
All analyses were performed using SAS/STAT software, Version 9.2 of the SAS System for
Windows.37 Frequencies were calculated to estimate the prevalence of lifetime BE and
current obesity status for each sleep item.
A series of logistic regression models using PROC GENMOD were applied to assess
whether individual sleep items were associated with lifetime BE and current obesity. In the
first set of models (Analysis 1), the potential covariates of age at interview and current
cohabiting were included. The second set of models (Analysis 2) was then applied to
evaluate the associations between the sleep variables and BE and obesity accounting for
lifetime depression diagnosis. Additional models (Analysis 3) were then applied to evaluate
the association between BE and the various sleep measures accounting for lifetime
depression diagnosis and obesity status. Generalized estimating equations were applied to all
models to account for non-independence of the data due to the inclusion of twin pairs.
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A total of 4,021 women completed the sleep questionnaire and were eligible to be included
in this study. Participants were excluded if they were missing information on any of the
following variables: BE (n = 24), current BMI (n = 72), age at interview (n = 2), lifetime
depression diagnosis (n = 102), and current cohabiting (n = 49). In total, 231 women who
completed the sleep questionnaire were removed due to missing data. Men were excluded in
the current study due to low prevalence of BE (n = 33, 1.2%), precluding meaningful
analysis. The sample size for the current study was 3,790 women.
A total of 244 (6.4%) women endorsed BE. Individuals reporting BE were significantly
younger with a mean (SD) age = 31.0 (7.4) years than individuals reporting NoBE with a
mean (SD) age = 33.4 (7.7; t = 4.68, p < .001). Significantly fewer women endorsing BE
reported cohabiting at the time of the interview (BE: 54.9%; NoBE: 66.4%; χ2 = 13.24, p
< .001). In addition, significantly more women with BE endorsed a lifetime history of
depression (BE: 57.0%; NoBE: 25.1%; χ2 = 116.94, p < .001) than those with NoBE. There
were 228 (6.0%) women who had a current BMI ≥ 30 kg/m2. Obese participants were
significantly older with a mean (SD) age = 35.6 (7.2) years than participants who were not
obese with a mean (SD) age = 33.1 (7.7; t = −4.81, p < .001). However, no differences were
found for current cohabiting (obese: 70.6%; not obese: 65.3%; χ2 = 2.68, p < .11). Similar
to BE, significantly more obese women endorsed a lifetime history of depression (obese:
36.4%; not obese: 26.6%; χ2 = 10.44, p < .002) than non-obese women. Significantly more
women with lifetime BE were obese compared with women who did not report BE (BE:
9.4%; NoBE: 5.8%; χ2 = 5.37, p < .03). Endorsement frequencies for the sleep items for
individuals with BE and NoBE and for obese and non-obese participants are presented in
Table 1.
Women who reported not getting enough sleep, sleeping poorly, problems falling asleep,
feeling sleepy during work or free time, and disturbed sleep were significantly more likely to
report lifetime BE after accounting for age at interview, current cohabiting status and
lifetime depression diagnosis (Table 2). Women who reported waking too early and those
reporting not getting enough rest were more likely to report BE; however, when these
models were adjusted for lifetime depression diagnosis, the associations were no longer
significant. A similar pattern of results was observed for obese women (Table 3): after
accounting for age at interview, women were significantly more likely to report napping
every second day, not getting enough sleep, sleeping poorly, that they were night people,
problems falling asleep, feeling sleepy during work or free time, waking too early, not
enough rest, and disturbed sleep. However, after adjusting for lifetime depression diagnosis,
waking too early and not getting enough rest were no longer significantly associated with
obesity status. Adjusting for obesity status in the models did not change the findings:
significant associations between self-reported sleep problems and lifetime BE remained
significant (Table 2).
DISCUSSION
Significant associations were found between sleep problems (reports of not getting enough
sleep, sleeping poorly, problems falling asleep, feeling sleepy during work or free time, and
disturbed sleep) and BE after accounting for age at interview, current cohabiting status,
lifetime depression diagnosis, and obesity status. Changes in the odds ratios associated with
the addition of various confounders into the models indicate that lifetime depression
diagnosis accounts for some (i.e., early awakening and not getting enough rest), but not all
facets of the relation between sleep problems and BE and between sleep problems and
obesity. Numerous prior investigations have reported an association between sleep
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curtailment and increased weight3,6,11,38 and a recent investigation from our group39
reported that BED before or during pregnancy was associated with sleep problems during
pregnancy and dissatisfaction with sleep 18 months after childbirth.
Potential Mechanisms of Association
The nature of the association between sleep problems and BE is likely to be complex. Sleep
problems may lead to BE, BE may lead to sleep problems, or both sleep problems and BE
may be the result of a third variable or variables, such as environmental stressors,
depression, or underlying biological mechanisms. The reported association between sleep
curtailment and weight status is of considerable public health relevance given the rising
obesity trends40,41 and underscore the relevance of the biological relation between sleep and
appetite regulation.3,11,42,43 One compelling hypothesis is that shared endocrine and
metabolic pathways proposed to underlie the association between sleep curtailment and
increased weight status may also be operative in the association between sleep problems and
BE.
Specifically, the appetite hormones leptin and ghrelin may be implicated in the association
between sleep problems and BE. Leptin and ghrelin are hypothesized to “represent the ‘yin-
yang’ of one regulatory system that has developed to inform the brain about the current
energy balance state”(p. 249).44 Leptin, which is released by adipocytes, is positively
correlated with increased fat mass and reduces appetite,45,46 whereas ghrelin, a peptide
produced predominantly by the stomach, stimulates appetite and decreases energy
expenditure.44,47,48 Both acute and chronic sleep deprivation have been associated with
decreased leptin and elevated ghrelin,3,15,18,49 consistent with a hormonal profile increasing
appetite and decreasing energy expenditure.45-47 Spiegel et al.18 found that two consecutive
nights of sleep deprivation (four hours of sleep per night) compared with sleep extension (10
hours of sleep per night) induced an 18% decrease in leptin and a 28% increase in ghrelin.
Interestingly, a similar hormonal profile, characterized by decreased leptin and elevated
ghrelin, has also been observed in response to food restriction in an animal model50 and
weight loss in humans.51-53 Thus, it is plausible that insufficient sleep may mirror a
calorically restricted hormonal state, whereby an individual is biologically driven to increase
food intake, which may enhance susceptibility to BE.
Stress may also be a common factor underlying both sleep problems and BE. Stress plays a
critical role in both human and animal models of BE54-57 and sleep problems.58,59 The key
hormonal pathway that regulates the endocrine response to stress is the hypothalamic-
pituitary-adrenal (HPA) axis.60 Cortisol secretion, a major component of the stress response
regulated by the HPA-axis, is positively associated with food intake in women61,62 and with
BE severity in obese individuals with BED.63 Increases in cortisol and abnormalities of the
HPA-axis have also been associated with sleep curtailment.64 Thus, one hypothesis is that
insufficient sleep may result in increased cortisol levels, which may enhance hunger and
feeding behaviors and increase susceptibility to BE. Cortisol has also been found to dampen
the appetite-suppressive effects of leptin65 and to increase plasma ghrelin levels,66,67
suggesting that multiple neuroendocrine factors acting in concert likely underlie the
association between sleep problems and BE.
Sleep deprivation is associated with numerous physiological changes, which may also
influence energy homeostasis and contribute to BE. For example, Spiegel, Leproult, and
Van Cauter68 found that, compared to baseline, sleep curtailment to 4 hours for 6 days
reduced glucose tolerance by 40% and glucose disposal by 30%. A similar investigation69
found that nocturnal wakefulness increased not only morning postprandial plasma glucose
concentrations, but also daytime concentrations of thyreotropin, cortisone, and
norepinephrine. In addition, one night of sleep deprivation acutely reduced energy
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expenditure in healthy men, further reiterating the complex nature of the interactions
between sleep deprivation, neuroendocrine changes, and energy homeostasis.
Limitations
The findings and implications of this investigation must be evaluated in concert with its
limitations. First, the population evaluated included only women from Sweden and results
might differ for men or for individuals from different ancestry groups. Second, this study
used a cross-sectional epidemiological data set and the time frame across variables was not
consistent. For example, BE and depression were assessed over the lifetime, whereas the
sleep variables, cohabiting, and obesity reflected current status. Although lifetime history of
BE was assessed, BED, which is characterized by BE, tends to be a chronic and stable
disorder.24,70 Thus, these results might be suggestive of causal associations; however,
longitudinal investigations including contemporaneous assessments of both sleep problems
and BE are needed to provide definitive information regarding causality. Third, data were
largely collected using computer-administered self-report assessments. Although
participants might be more forthcoming with sensitive information using computer-based
assessments, these can be less precise than interview-based assessments conducted by a
clinician.71 Lastly, this investigation assessed only subjective sleep disturbances without
objective validation though laboratory investigations and did not account for use of sleep
medications. Future longitudinal investigations incorporating psychological, biological, and
neuroendocrine factors, as well as contemporaneous assessment of a wide range of sleep
problems (voluntary sleep curtailment vs. insomnia), are needed to address clinical questions
related to why sleep problems and BE co-occur, and how they may affect one another.
Conclusion
This study provides empirical support for an association between sleep problems and
lifetime BE. Although definitive conclusions regarding the pathways underlying the
association between sleep problems and BE cannot be drawn, future interventions targeting
the association between sleep problems and BE may interrupt a vicious hormonal and
metabolic cycle, having significant implications both at an individual and a public health
level. It is not premature for health care professionals to screen for both sleep problems and
BE in clinical settings where individuals struggle with either problem and optimally
efficacious obesity interventions should address BE in addition to sleep hygiene.
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